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ＡｎｅｗｍｅｔｈｏｄｔｏｄｅｔｅｃｔｕｒｅａｉｎｗａｓｔｅｄiaIysatebasedonchemicaIreactionofureaandsodiumhypochloriteis 
proposed･CorrelationbetweenconcentratioｎｏｆｕｒｅａａｎｄａｍｏｕｎｔＯｆｇａｓｇｅｎｅｒａｔｅｄbychemicaIreactionbetween 
ureaandsodiumhypochIoriteisinvestigatedusingadifYerentialpressuregauge、Thereactionratebetweenurea
andhypochIoriteisincreasedbyultrasonicvibration･TheamountofgeneratedgasdependslinearIyonthe 
concentratiｏｎｏｆｕｒｅａｉｎａｒａｎｇｅｂｅｔｗｅｅｎ2.8-28ｍｇ/dlfbraqueoussoIutionofureaandbetweem3､5-14.4ｍｇ/dIfDr 
wastedialysate･Asthemeasuringtimeofthissystemiswithin2min,itiscapabletoapplyfbraclinicalmonitoring 
ofureainhemodiaIysis． 
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1.Introduction 
Kidneywolksasasophisticateddevicefbrfiltrationofbloodtoconcentrateurinemcludmgexcesswaten 
mineralsandwastaForpatientswithimpairedrenalfimction，itishardtoobtainconcentratedurine・
Therefbre,patientshaveaproblemtoaccumulatethewater,mineralsandwasteinthebody・Itisnecessaryto
wastethesemattersoutsideofthebodybyaltemativewaytomaintainthelifeofpatients・Hemodialysis
treatment，afiltrationofbloodtoeliminatesuchexcessmattersusinganartisticfllternameddialyzer，is 
conductedfbrthesepatients、
Atfirst,needlingtothepatientisconductedinordertotakeher/hisbloodtooutsideofthebodyfbrthe 
hemodialysis，Then,thebloodisguidedtoadialyzerthroughanextracorporealbloodcircuitinjectmg 
anticoagulantagentsuchasheparininordertoavoidclottingofthebloodThedialyzerhasca・tenthousand
hollowfibers(200Iminintemaldiameter,madeofsemi-permeablemembrane)insideofthebody,andthe 
guided-bloodisflowedthroughthesehollowfibersbyapump・Ontheotherhand,dialysate(madeofpurified
watensomeelectrolyteandglucose）isflowedoutsidethehollowfibers・Thus,concentrationgradientof
solutesisestablishedbetweenthebloodandthedialysatethroughthehollowfibers・Ｆｏｒexample，the
concentrationofureasolvedinbloodisoftheorderoflOOmg/dlinaunitofurea-nitrogen(UN),butnoureais 
solvedindialysate、Therefbre,ureaisdiffUsedffomthebloodtothedialysateduetotheconcentrationgadient，
andisexhaustedtotheoutsideofthebody、Similarprocesseswilltakeplacefbrtheothersolutes(Fig.1)．Tb
removeexcesswaterinblood,twodifferentmethods（positiveandnegativepressuremethod）controlling 
pressuremthedialyzerareestablished 
Sincel985，thestandarddialyzing-timeoffburhoursperonehemodialysistherapyiswidelyadoptedat 
mostofthedialysisfacilitiesinJapan・Removedamountsofsolutesarecorrelatedwithhemodialysiｓtime,and
patientshavevariousdiseaseconditionsanddifferentbuilds・Therefbre，amountofremovedsolutesduring
hemodialysis-timeoffburhourswilldependontheconditionofeachpatient，Forprovidingsuchirrelevant 
hemodialysis,theremovedamountofsolutesshouldbemonitoredduringhemodialysis・Theamountofexcess
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watercanbedetenninedaccuratelybyreal-timemeasurementoftheremovedwaterusingadialysismonitoring systemTheamountofremovedsolｕｔｅｓｃａｎｂｅｄｅｔｅｍｉｎｅｄｂｙｍｅａｎｓｏｆｅｎｚymemethods・Theenzymemethod,however,cannotbeadoptedfbrreal-time-measurementbecauseitrequiresblood-drawing 
Inacaseofureawhichisakindofsolutesinblood,wehaverepoltedthatbloodureanitrogen(BUN） 
ConcentrationwascolTelatedwithureanitrogen(UN）inwastedialysate''2)．Incaseofurea,uricacidand 
creatinineinwastedialysate,theseconcentrationsdecreasedataconstantratewithincreaseinelapsedtimeof hemodialysis3)．Therefbre,itmaypossibletoobtainanindexofBUNconcentrationbyreal-timemeasuringof 
lJNconcentrationinwastedialysate・Developmentofreal-timemonitoringsystemofUNconcentrationin
wastedialysateisexpectedThistechnologywillcontributetodeterminethehemodialysistimeintennsof 
removalamountofsolutes・
Wehaveinvestigatedaureasensorbasedonchemiluminescencebetweenureamoleculesandhypobromite 
ions,ａｎｄ肥poltedthereactioncharacteristicsfbrmeasuringureaconcentrationinsolutionofureaataconstant
flowrateI~3)．ThissystemcouldmeasureaureaConcentrationinanaqueoussolutionwithin20s,andshowed 
linearcharacteristicsrangingfi･ｏｍ1.4ｔｏ２８．０ｍｇ/dlofUNinaqueoussolutionofurea・HoweveLthissystem
hasaproblemthatthesensoroutputdecreaseswithincreaseinconcentrationinarangｅｏｖｅｒ２８０ｍｇ/dlofUN 
Inthispaperlwedescribeanewmethodfbrdetectingureainwastedialysatebymeasuringthevolumeofgas 
generatedbythechemicalreactionbetweenureamoleculesandsodiumhypochloritemolecules． 
fbnn olutes 
率 wastedialysate 
仁 dialysate 
鰯
FiglConceptfbrhemodialysis 
2.Expermental 
lnthisinvestigation,water(１us/cmofelectricconductivity)preparedbydeionizer(ORGANOG-10)ｗａｓ 
used、Figure2showsaschematiciUustrationoftheexperimentalsetup、Alue脛lock-gastight-syringe(SGE
SyringeoflOml),atrap(madeofglassandmbMfbrtrappmgfluidinsyringe)andadifferentialpressure 
gauge（MANOSTARPuncturePressure，WO80）wereconnectedseriaUybyTFEtubes（Zmmininternal 
diameter)withoutanyleakage・ThemeasurementprocedureisasfbUows:(1)９mlofwastedialysateorurea
(Kantochemical,extragrade)solutionwasmjectedintothesyringe.(2)１mlofsodiumhypochloritesolution 
(Nipro,２０％ofmeasuredfreeresiduaIchlorineconcentration)wasinjectedintothesamesyringe・Atthis
moment,chemicalreactionstartsslowly6(3)Afterthesyringe-headandplungerwaslocked,thesyringewas 
immersedintothewater(37°Ｃ)inanultrasoniccleaner(YamatoBRANSONIC,２２１，１８５Ｗ)．(4)Whenthe 
switchoftheultrasoniccleanerwastumedon,thechemicalreactionwasacceleratedGaswasgeneratedinthe 
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syrlnge，andtheinnerpressurewasincreasedThedifferentialpressurebetweenincreasedpressureand 
atmospherepressurewasmeasuredbyadifferentialpressuregauge・
DifTerentialprcssuregauge 
Trap 
UltrasoniccIeaner 
Fig2Aschcmaticdiagramofthcexperimentalsctup． 
3.Results 
3-LThetime-courseofgasgeneration 
Figure3showsthetime-courseofgasgenerationinwastedialysate(containingl1.3ｍｇ/dlofUNand494 
mg/dlofalbumin)mixedwithsodiumhypochloritesolutionafterultrasonic-vibrationwasappliedWiththe 
elapseoftime,thepressurewasincreasedduetotheevolutionofgasinsyringe,anditwasmclinedtosaturate 
after120ｓ・Suchrapidincreaseinpressurewasnotobservedwithoutultrasonic-vibrationandwasnot
observedbysodiumhypochloritesolutionwithoutureaevenunderultrasonic-vibration 
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Fig3Resultofmeasurcmenttime 
3-2．Calibrationofthedetectionsystem 
Figure4showstheureaconcentrationdependenceofpressureinaqueoussolutioncontainingurea・Theconcentrationofureamthesamplesolutionwaschosenwithintherangerealizedinacourseofhemodialysis・
Astheplotsinthelog-loggraphalmostfitintoastraightlineofslope＝1,thepressurehasalinearcharacteristics mthemeasuredconcentrationrangaThus，theconcentrationdependenceofthismeasuringsystemwas 
calibratedbymeansofthiscalibrationlme． 
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Ureaconcentration(、g/dI）
Fig.４Concentrationdependenceofurcasolution 
3-3．Theconcentrationdependenceofpressureinwastedialysate 
Figure5(a)showstheconcentrationdependencesofpressureinwastedialysate・TheUNconcentrations
ofwastedialysatewerepreviouslymeasuredbytheenzymemethodTheplotsonthelog-loggraphfairly 
deviate(１２％ofrelativedeviationatlL3mg/dl)fiPomastraightlineandtheslopeofthelmeisnotunity・The
resultsofthesamemeasurementsfbrthewastedialysateafterfiltrationbyamembranefilter(0.2uminpore 
size)areshowninFig､５(b)．T11edeviation(8.7％ofrelativedeviationatl1.3ｍｇ/dl)oftheplotsisdecreased 
andtheslopeofthelineisalmostunityinthisfigure． 
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Fig5Conccntrationdependcncesofpressurcfbrwastcdialysate(a)withoutfiltrationand(b)with 
filtration,rcspectivcIy． 
3-4．Comparisonofthenewmethodwithenzymemethod 
Theconcentrationmeasｕｒｅｄｂｙｔｈｅｎｅｗｍｅｔｈｏｄｗａｓｃｏｍｐａｒｅｄｗiththatbytheenzymemethod． 
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MeasuredvaluesbythenewmethodwerecalibratedbasedonthecalibratｉｏｎｃｕｒｖｅｓｈｏｗｎｉｎＦｉｇ４、The
colTelationsbetweenthemeasurevaluesofureaconcentrationbythenewmethodandtheenzymemethodwere 
showninFigs､６(a)and(b)．Figs､６(a)and(b)arereplottedafterestimationofConcentrationfiPomthedata 
showninFigs､５(a)and(b),respectively・Theequationsofthelinestodescribetherelationshipbetweenthe
valuesonabscissaandordinateareshownintheseFigs6(a)and(b).Theslopesoftheselinesarenotunity． 
(b） (a） 
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Fig6Comparisonwiththcen可memethod(a)withoutfiltrationofwastedialysate,and(b)with
filtrationofwastedialysatc． 
3-5．TheappearancesofevolvedbUbbles 
Figures7（a)ａｎｄ(b）showappearancesofbubblesgeneratedinthesyringe､Manysmallbubblesare 
observedfbrthewastedialysatecontamingalbuminofhigherconcentration(Fig.７(a))．Ontheotherhand， 
onebUbbleisobservedfbrthewastedialysatecontamingalbuminoflowerconcentrationandureasolution． 
(b） (a） 
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Fig7Theappearanccofbubblesinthesyringefbr(a)wastedialysatecontainingl1.3ｍｇ/dlof 
UNand494mg/dlofalbuminand(b)wastcdialysatccontaining14.4ｍｇ/dlofUNand 
O67mg/dlofalbumin． 
4．Discussion 
Hemodialysisprocedureshasthreestepsofextractionofblood,purificationbydialyzerandretumofthe 
purifiedbloodBloodtemperaturethroughaneedleisatca､37.Ｃ，ａｎｄｉｔｉｓｔｈｅｓａｍｅａｓｔｈｅｔｅｍｐｅｒａｔｕｒｅof one，sbody・IfthetemperatureofthedialysatecontactedtothebloodthroughhoUowfibersislowerthanthatoftheblood,thepatientwiUfeelcold、Forprovidingthis,dialysatetemperatureiskeptatca､３７.ＣＡｓｔｈｅ
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newsensorsystemissituatedatthedownstreamofwasteline,thewatertemperatureintheultrasoniccleaner waskeptat37oCinallofthemeasurementsdescribedaboveinordertoheatthewastedialysateinthesyringe， TheequationofthechemicalreactionbetweenureaandsodiumhypochloriteisgivenbyRayleigh4)as fbllows： 
（NH2LCO＋3NaClO→Ｎ２＋CO2＋2H２０＋3NaCl 
Ascarbonoxidesissolubleinwater,thebubblesofnitrogenmaybegeneratedinthesyringe、Accordingtotheaboveequation,morethanthreetimeshypochloriteｉｎｍｏｌｒａｔｉｏｉｓｒｅｑｕｉｒｅｄｔｏｏｘｉｄｉｚｅｕreacompletely・Theureaconcentrationinthewastedialysatewaslessthａｎ３０ｍｇ/ｄｌｏｆＵＮ1.3)．Ontheotherhand,theconcentration 
ofhPeeresidualchlorineinsodiumhypochloritesolutionwasmeasuredbycolorimetricmethod(usingDpD method),ａｎｄｉｔｗａｓ２０％・Therefbre,wemixedthesodiumhypochrotitesolutionwithwastedaialysate(orureasolution)involumeratioofl:9,tooxidizemostoftheureamoleculesinthesyringe・
ThechemicalreactiondescribedaboveproceedsslowlyatroomtemperaｍｅＯｎｔｈｅｏｔｈｅｒｈａｎｄ，the reactionratewasdrasticallyenhancedbyultrasonicviｂｒａｔｉｏｎＡｓｓｈｏｗｎｉｎＦｉｇ３,thechemicalreactionseems 
toceasewithin2min・Althoughthedetailsofthemechanismoftheaccelerationinthechemicalreactiondue
totheultrasonicvibrationisnotclarifiedyet，ｉｔｍａｙｒｅｓｕｌｔｆＴｏｍｔｈｅｉｎｃｒｅａｓｅｉｎｆipequencyofthecollision 
betweenureaandffeeresidualchlorinebytheultrasonicvibrationTheeffectsofultrasonicvibrationhave 
beenreportedbyHashimoto5)． 
Nowbhemodialysistimeisdecidedtｏｂｅ４ｈｏｕｒｓｂｙｔｈｅｃｕｒｒｅｎｔｒｕｌｅｉｎＪａｐanlnordertomeasurethe 
concentrationofsolutessimultaneouswithhemodialysis,themeasurementtimeshouldbeshortenedAsthe 
measurementtimeofthenewsystemiswithinca2min,itmaybeadmissibletomonitoringconditionduring hemodialysistherapy、Althoughthemechanismofaccelerationinthechemicalreactionbyultrasonicvibration
wasnotclarifieｄｓｏｆａｒ，thevibrationhasapracticalefTecｔｏｆｔｏｒｅｄｕｃｅｔｈｅｍｅａｓｕｒｉｎｇｔｉｍｅｏｆｔheurea 
concentrationinwastedialysatewithin2min 
lnordertocalibratethecharacteristicofureaconcentrationdependenceofthemeasuringsystem，UN 
concentrationsinaqueoussoIutｉｏｎｏｆｕｒｅａｒａｎｇｉｎｇｆｉＰｏｍ２８ｔｏ２８ｍｇ/dlweremeasured，andthelinear 
characteristicwasobserve。(Fig.４)．InthecaseofmeasuringLDlconcentrationinwastedialysate,twokinds
ofsamplesofwastedialysate,onewasnotfiltered,andanotherwasfiltered(0.2Ⅱmofmesh),wereprepared 
ThefiltrationwascoｎｄｕｃｔｅｄｉｎｏｒｄｅｒｔｏｔａｋｅｏｆＴｓｍａｌｌｄｕstsinthewastedialysateThelinearityofthe 
concentrationdependencewasimprovedbythefiltration(Fig.５(b))．Protemsattheg-orderwerecontainedin 
thewastedialysateandthefiltrationoftheseimpuritieswaseffbctivetoimprovethelinearityofthe 
concentlHtiondependence・
Asshownintheresultsofthecorrelationsbetweenthemeasuredconcentrationsofureabythenewmethod 
andbytheenzymemethod(Fig.６),theseplotsarealmostfitintostraightlinebuttheslopeisthenotunityinthe 
log-loggraphFreeresidualchlorinemayreactwithproteinexceptfbrureainwastedialysate・Further
nnprovementisrequired 
Durmgthechemicalreaction,smallbubbleswereobservedinthesyringefbrwastedialysatehavinghigher 
albuminconcentratiｏｎ(Fig.７(a))．Inthecaseofwastedialysatehavingloweralbuminconcentrationandurea 
solution,onebiggerbubblewasobserved・Thedetailsarenotclarifiedbutthedifferenceinboundarytension
ofeachsolutionmustbeconsidered 
Sodiumhypochloritesolutioniswidelyusedfbrclearingdialysatetubeｓｉｎｍｏstofthedialysisfacilities， 
anditscostissmalLAlthoughbloodisretumedtopatients,wastedialysateiswastedTherunningcostof 
thenewsystemmonitoringinthewastedialysateissmall，andthereisnocontaminationofthebloodby 
measunngurea． 
5．Conclusion 
T11ereactionratebetweenureaandffeeresidualchlorinewasacceleratedbyultrasonicvibration・Ｔｍｅ
ｖｏｌｕｍｅｏｆｔｈｅｅｖｏｌｖｅｄｇａｓｗａｓｍｅａsuredusingdifferentialpressuregauge，andaconPelationwasobserved 
betweentheureaconcentrationandtheamountofgasgeneratedbythechemicalreactionofureamoleculesand 
l71 Anewmethodfordetectingureainwastedialysatebasedonachemicalreactionofureaandsodiumhypochlorite 
sodiumhypochlorite、Linearconcentrationdependeｎｃｅｗａｓｏｂｔａｉｎｅｄａｔａｒａｎｇｅｏｆ2.8-28ｍｇ/dlofmqinaqUeoussolutionofurea,ａｎｄａｔａｒａｎｇｅｏｆ３､5-14.4ｍｇ/dlofUNmfilteredwastedialysate・Themeasuringtimeofthismethodiswithin2min,anditisusefUltoapplyfbrmonitoringureaduringhemodialysis． 
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